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1. The ecology of skeleton weed in Western Australia 
1.1 Determination of forms 
Objectives 
To determine what forms of skeleton weed are present in Western 
Australia and to map their respective distribution. 
Experimental 
Day old seedlings from seeds originating from new finds were typed 
using starch gel electrophoresis. 
Results and Comments 
New finds of skeleton weed made during the 1984/85 season were 
identified as the narrow-leafed and broad-leafed forms. As this is 
the third year that this investigation has been conducted, with 
similar results obtained in each year, it appears highly unlikely 
that the intermediate-leafed form has established to any extent in 
Western Australia. 
1.2 Bioclimatic prediction of the potential distribution of skeleton weed 
Objectives 
To determine, on the basis of climatic characteristics, the 
suitability of various areas within the Western Australian wheatbelt 
for infestation by skeleton weed. 
Experimental 
The extent of areas potentially suitable for infestation was 
estimated using a Bioclimate Prediction System, available on the 
CSIRONET computer system. Predictions were made on the basis of 
climatic characteristics of localities throughout Australia where 
skeleton weed is known to occur. Altogether, climatic estimates from 
71 localities in south-eastern Australia and 22 localities from 
south-western Australia were utilized. 
Results 
Although 12 climatic parameters were used to establish relevant 
climatic profiles, the major differences between areas in which 
skeleton weed is found in south-eastern Australia and where the weed 
has occurred in Western Australia are related primarily to 
precipitation regimes, i.e. total amounts and the seasonal 
distribution of rainfall. The south-eastern sites are characterized 
by both higher mean annual precipitation and rainfall which is more 
evenly distributed through the year (mean annual precipitation range 
of 32 mm, compared with 75 mm for the south-western sites). (Tables 
1.2.l and 1.2.2). 
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Table 1.2.1. Rainfall characteristics for localities at which skeleton weed 
occurs in south-eastern Australia (n = 71). 
Mean 
SD 
Minimum 
Maximum 
Annual 
mean 
precipi-
tat ion 
(mm) 
558 
195 
278 
1176 
Precipi-
tat ion 
of wettest 
month 
(mm) 
64 
23 
28 
133 
Precipi-
tat ion 
of driest 
month 
___ _(mm) 
32 
14 
9 
67 
Annual* 
precipi-
tat ion 
range 
(mm) 
32 
16 
7 
68 
Precipi-
tat ion 
of wettest 
quarter 
(mm) 
179 
64 
78 
374 
Precipi-
tat ion 
of driest 
quarter 
(mm) 
104 
42 
41 
206 
* Difference between precipitation of wettest and driest months. 
Table 1. 2. 2. Rainfall characteristics for localities at which skeleton weed 
Mean 
SD 
Minimum 
Maximum 
has been found in western Australia (n = 22) • 
Annual Precipi- Precipi- Annual Precipi- Precipi-
mean tat ion tat ion precipi- tat ion tat ion 
precipi- of wettest of driest· tatiori of wettest of driest 
tat ion month month range quarter quarter 
(mm) (mm) (mm) (mm) (mm) (mm) 
396 75 10 65 194 35 
100 26 4 27 60 11 
300 - 47 4 36 127 18 
679 140 20 134 348 63 
A very large proportion of the southern and south-coastal wheatbelt, 
however, has climatic characteristics which resemble those of the 
areas through which skeleton weed is distributed in south-eastern 
Australia. These large areas, accordingly, were predicted to be 
suitable for infestation, including much land which is not presently 
cropped. At present this region is still largely free of skeleton 
weed. 
When predictions of the weed's potential distribution were made on 
the basis of climatic characteristics of the combined south-western 
and south-eastern localities, virtually the entire wheatbelt was 
predicted to be suitable for infestation. 
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Comments 
The realized weed potential of skeleton weed in Western Australia 
will certainly be tempered by factors in addition to climatic 
suitability, the most important being soil characteristics, 
management practices and the effects of natural enemies. In 
addition, seasonal variations in climatic patterns will play a large 
part in determining the period over which a distributional 
equilibrium is approached. Results from this climatic analysis 
indicate, though, that most of the wheatbelt is vulnerable to 
invasion by skeleton weed, and provide support for the continuation 
of the eradication campaign. 
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1.3 Seed production in the Western Australian wheatbelt 
Objectives 
To determine the amounts, viability and dormancy status of seeds 
produced by field-grown plants during summer and autumn months. 
Experimental 
Mature seed was collected fortnightly from plants enclosed in nylon 
bags and was tested for germinability in the laboratory. 
Results and Comments 
As in the 1983/84 season, large numbers of viable seed were produced 
by caged plants (Table 1.3.1). Over the 1984/85 season, plants of 
the narrow-leafed form produced seeds with consistently higher levels 
of dormancy than those from broad-leafed plants: values for the 
maximum percentages of dormant seed over all collections reflect this 
trend (Table 1.3.1). Seed-shed at most sites began more than a 
fortnight earlier than in the previous season (mid-December v. early 
January), and the duration of seed production ranged from four to 
slightly under six months, although the period of peak seed 
production was considerably less (Table 1.3.2). The period of 
highest seed shed was not synchronised at all sites, falling in late 
December in some sites and late February in others. These results 
confirm the suggestion that seed production is not likely to be 
limiting to the success of skeleton weed in the Western Australian 
wheatbelt. 
Table 1.3.1. Summary of numbers and viability levels of seeds produced by 
skeleton weed during 1984/85. NL = narrow-leafed plants: BL = 
broad-leafed plants. 
Number Number Number of Percentage Maximum 
Site Form of of viable seeds viability percentage 
plants seeds dormancy 
North Miling NL 4 62,350 50,240 80.6 42.6 
Moorine Rock NL 3 5,100 4,230 82.9 47.0 
Dulyalbin Rock NL 3 28,420 20,740 73.0 41.0 
Narembeen 2 BL 2 26,380 17,480 66.3 12.0 
Narembeen 3 BL 1 5,580 4,590 82.2 11.4 
Narembeen 4 BL 1 8,440 7,800 92.4 29.8 
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Table 1.3.2. Temporal aspects of skeleton weed seed production during 1984/850 
Viable seeds Period of Period of more Weeks during 
Site produced during peak than 50% peak which seeds 
peak fortnight production production (wks) produced 
North Miling 11,560 31 Jan-14 Feb 6 23 
Moorine Rock 1,950 19 Dec- 7 Jan 5 16 
Dulyalbin Rock 5,460 19 Dec- 7 Jan 7 22 
Narembeen 2 8,140 27 Dec- 8 Jan 2 24 
Narembeen 3 1,030 19 Feb- 6 Mar 8 18 
Narembeen 4 2,930 19 Feb- 6 Mar 2 18 
Since results from the 1984/85 season comprised the final data from a 
two-year study on seed production, statistical analyses were 
performed upon the data for both years. Coefficients for regressions 
of seed numbers, viability and primary dormancy levels on harvest day 
number are given in Tables 1.3.3 - 1.3.5. Only those regressions 
which accounted for more than 50% of the total variance have been 
included. The proportion of the total number of site x sampling 
combinations (12) which met this criterion varied between 50% for 
seed numbers (Table 1.3.3) and 75% for seed viability (Table 1.3.4). 
Table 1.3.3. Coefficients for regressions of seed numbers (square-root 
transformed) on harvest day number (D). 
Season 
1983/84 
1983/84 
1983/84 
1983/84 
1984/85 
1984/85 
Site n Regression D D2 D3 
constant (x 10-2) (x lo-4> 
North Miling 8 30.3 1.24 -1.16 
Dulyalbin Rock 1 17 6.25 1.20 -1.52 
Duly alb in Rock 2 5 -20.1 15.l -28.9 16.7 
Narembeen 2 22 38.0 1.95 -3.12 1.15 
Narembeen 3 9 -64.0 3.32 -3.56 1.15 
Narembeen 4 9 -122 5.85 -6.39 2.08 
I 
Seed numbers either peaked early in the study periods and then 
decreased, or exhibited a more or less bimodal pattern. 
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p 
* 
*** 
*** 
*** 
* 
* 
Table 1. 3. 4. Coefficients for regressions of seed viability (arcs in 
Season 
1983/84 
1983/84 
1983/84 
1983/84 
1984/85 
1984/85 
1984/85 
1984/85 
1984/85 
transformed) on harvest day number (D) • 
Site n Regression D o2 o3 p 
constant (x 10-l) (x 10-2> (x 10-4) 
Merredin 29 87.0 0.620 -2.76 1.82 *** 
Dulyalbin Rock 1 17 104 -25.l 1.51 *** 
Narembeen 1 17 79.2 -1.16 *** 
Narembeen 2 22 71.3 -2.93 *** 
North Miling 38 86.1 -3.93 0.184 *** 
Moorine Rock 17 84.0 5.39 -4.65 3.59 *** 
Dulyalbin Rock 1 33 80.0 -2.96 0.155 *** 
Narembeen 2 24 83.5 -24.7 0.361 -0.128 *** 
Narembeen 3 9 77.5 -1.44 ** 
Relationships between seed viability levels and harvest date 
generally exhibited monotonic decreases. At several sites, however, 
during both 1983/84 (Narembeen 1) and 1984/85 (North Miling 2, 
Dulyalbin Rock 1 and Narembeen 3), the observed decreases in 
viability were very slight, with viability percentages greater than 
80% for virtually every sampling date. 
Table 1.3.5. Coefficients for regressions of primary seed dormancy (angular 
transformed) on harvest day number (D). 
Season Site n Regression D o2 o3 p 
1983/84 
1983/84 
1984/85 
1984/85 
1984/85 
1984/85 
1984/85 
constant (x 10-l) (x 10-2) (x l0-4> 
Dulyalbin Rock 1 17 13.1 -1.85 *** 
Narembeen 1 17 -11. 2 19.9 -3.44 0.422 *** 
North Miling 37 16.5 6.36 -1.30 0.555 *** 
Moorine Rock 17 24.9 6.22 -1.13 *** 
Dulyalbin Rock 1 33 22.0 9.33 -2.13 1.04 *** 
Narembeen 3 9 23.1 -1.50 * 
Narembeen 4 9 62.8 -10.7 0.488 ** 
As mentioned earlier, levels of primary dormancy were considerably 
lower for broad-leafed than for narrow-leafed plants. For all 
plants, however, dormancy levels decreased as the seasons progressed. 
Because one of the major objectives of this study was to determine 
possible relationships between seed quantity and quality and the 
occurrence of summer rainfall, regression analyses were performed, 
utilizing cumulative rainfall for periods of from 0-14, 7-21 and 
14-28 days prior to seed harvest as independent variables. Only 
regressions which accounted for more than 50% of the total variance 
are presented in Table 1.3.6. 
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Table 1.3.6. Relationships between rainfall and various parameters of seed 
production for skeleton weed. Rl and R2 refer to cumulative 
rainfall (mm) for periods of from 7-21 and 14-28 days prior to 
seed harvest, respectively. 
Parameter Site Season Regression p 
Seed numbers Duly alb in Rock l 1983/84 y = -38.8 Rl + 807 *** 
Seed numbers Dulyalbin Rock 2 1983/84 y = -95.8 R2 + 1700 * 
% viability Merredin 1983/84 y = -5.20 R2 + 85.5 *** 
% viability Moorine Rock 1984/85 y = -2.13 R2 + 86.6 *** 
100-seed weight Merredin 1983/84 y = -0.141 R2 + 4.85 *** 
100-seed weight Moorine Rock 1984/85 y = -0.0611 R2 + 4.25 ** 
No relationships were apparent between cumulative rainfall during the 
period from 0-14 days prior to seed harvest and any of the seed 
parameters under examination. Five of the six relationships which 
accounted for more than 50% of the total variance were based upon 
rainfall over the period of 14-28 days before seed harvest (R2) and 
all relationships were negative. There were no relationships between 
cumulative rainfall in any period and primary seed dormancy for any 
of the 12 site x season combinations. 
These results promote the suggestion that dry summers are not likely 
to adversely affect the reproductive potential of skeleton weed in 
Western Australia. This is not surprising, given the extensive root 
systems which develop and are able to draw upon reserves of soil 
moisture held over large volumes of soil. Because plants regularly 
produce large numbers of seed with high viability levels, indications 
are that the seedling establishment phase is the most critical stage 
in the life cycle of skeleton weed, and that factors which control 
levels of seedling recruitment will largely determine rates of spread 
of the plant. Local increases in infestations, while dependent on 
seedling establishment to some extent, may occur more commonly 
through vegetative reproduction. 
1.4 The effects of tillage upon seedling survival 
Objectives 
To determine the effectiveness of conventional tillage practices in 
limiting establishment of skeleton weed seedlings. 
Experimental 
A mixture of equal proportions of seed of both the narrow- and broad-
leafed forms was sown into sand-filled tubs in the glasshouse. At 
different stages of their development, seedlings were subjected to 
either of two simulated methods of cultivation: 
i) Reduced tillage: soil scarified to a depth of 2-5 cm, sprayed 
with Sprayseed® (1 1 ha-1) 10 days later and cultivated to a 
depth of 3-5 cm after an additional 3 days, or 
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ii) Direct drill: seedling populations sprayed with Sprayseed® 
(1 1 ha-1), then cultivated to a depth of 3-5 cm 3 days later. 
Estimates were obtained of initial seedling densities, plant size and 
developmental stage at the time of treatment and numbers of seedlings 
which survived physical disturbance and spraying. 
Results 
Table 1.4.1. Developmental stages and plant densities in skeleton weed 
populations subjected to different tillage practices. 
Initial plant density"(No. arn-2> 
Weeks Newest expanded Shoot Reduced Direct 
post leaf dry weight tillage drill 
emergence Cg x lo-3> 
0 0.88* 1.02* 16.6 
3 2.00 2.68 25.4 23.8 
6 3.90 11.3 22.5 23.5 
9 9.28 35.2 22.6 20.8 
12 14.5 92.3 17.0 17.5 
* Applies to direct drill treatment only. 
LSD (5%) for initial plant densities = 4.5. 
Table 1.4.2. Effects of tillage practices upon seedling survival in mixed 
populations of skeleton weed. Values after angular 
transformation given in parentheses. 
Reduced tillage Direct drill 
Weeks % surviving % surviving % surviving % surviving % surviving 
post first spray second spray cultivation 
emergence cultivation cultivation 
0 0.5( 3.4) 1.1 
3 18.0(24.5) 1.2( 6.4) 0 0.8 0 
6 49.8(44.9) 3.9(ll.3) 0 0.6 0 
9 65.6(54.1) 13.0(20.7) 1. 9 0.2 0.2 
12 80.4(64.6) 27. 0 ( 31.1) 11. 7 4.9 19.5 
5% LSD (transformed values) for % surviving first cultivation and spray = 
11.9 and 7.6, respectively. 
For populations subjected to reduced tillage, the effects of plant 
age were highly significant (***) in relation to surviving both the 
initial cultivation and the subsequent spray (Table 1.4.2). Levels 
of control were well over 90%, however, until the plants were 12 
weeks old (at approximately the 14-leaf stage - Table 1.4.1). A 
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single cultivation without a follow-up spray was relatively 
ineffective as early as 3 weeks post emergence (Table 1.4.2). Plants 
subjected to the initial cultivation of reduced tillage had a much 
higher chance of surviving the spray then did plants which were 
subjected to the direct drilling method, presumably because shoot 
burial conferred some degree of protection from the spray. Overall, 
however, both methods of land preparation were extremely effective in 
controlling skeleton weed seedlings until approximately 3 months post 
emergence. 
Table 1.4.3. Characteristics of plants from mixed populations of 
narrow-leafed and broad-leafed forms after 12 weeks' growth. 
Narrow-leafed plants Broad-leafed plants 
Density Shoot dry 
(no. dm-2) weight 
Newest 
expanded 
leaf 
Density Shoot dry 
(no. dm-2) weight 
Newest 
expanded 
leaf (g x 10-3) Cg x 10-3) 
6.7 a 86.8 c 14.4 e 12.4 b 151 d 16.0 f 
Values followed by the same letter do not differ significantly at the 5% 
level. 
By 12 weeks following emergence it was possible to distinguish 
between the different plant forms. Results from harvested paired 
pots (Table 1.4.3) revealed that the natural thinning which occurred 
in the tubs during the course of the experiment (Table 1.4.1) was 
concentrated in the narrow-leafed form (assuming that there were no 
initial differences in the proportions of the two forms), whose 
plants were fewer and less developed than those of the broad-leafed 
form (Table 1.4.3). Since the proportions of the two forms which 
survived the cultivation methods at 12 weeks post emergence did not 
differ significantly from those in the paired pots, there was no 
evidence of differences in survival between the forms of skeleton 
weed. 
Comments 
Although certain qualifications must be made due to the nature of 
this experiment, the results indicate that conventional tillage 
methods should be quite effective in preventing seedling 
establishment of skeleton weed in crop situations. Because of this, 
one could expect that most seedling recruitment will occur during the 
pasture phase of rotations, in particular when densities of possible 
competitors are low, e.g. during the first year following cropping. 
1.5 Seedling establishment under field conditions 
Objectives 
To determine the regularity with which seedling establishment occurs 
under field conditions and how the probability of establishment is 
affected by the time of germination. To follow the fates of plants 
which establish from experimental sowings. 
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Experimental 
Separate sewings of the narrow-leafed and broad-leafed forms were 
made during April, May and June, 1985 at Narembeen, Merredin and 
Badgingarra. Newly emerged seedlings were mapped and their fates 
followed subsequently at intervals ranging from 2-4 weeks. 
Results 
One of the most striking results from this experiment was that only 
one seedling was observed at the Merredin site. Possibly this was 
because the seeds were planted in a surface-sealing clay loam here, 
and seedlings were unable to emerge through surface crusts following 
short rainfall events. At the other two sites, apart from the second 
sowing at Narembeen, from which very little emergence of either form 
occurred, cumulative emergence varied between approximately 20 and 
50% of the total number of sown viable seeds (Table 1.5.1). There 
were significant (*) time of sowing x form interactions at both 
Narembeen and Badgingarra, with higher emergence of the narrow-leafed 
form, particularly from the earliest sewings (Table 1.5.1). For the 
earlier sewings at Badgingarra, emergence was distributed over 
several months. 
Table 1.5.1. Emergence from buried seeds of skeleton weed. 
Emergence (%) 
Site Sowing date Narrow-leafed Broad-leafed 
plants plants 
Narembeen 11 April 53.2 38.5 
Narembeen 8 May 3.6 6.4 
Narembeen 5 June 46.8 35.5 
Badgingarra 3 April 36.4 18.0 
Badgingarra 1 May 23.2 19.7 
Badgingarra 29 May 36.8 39.3 
5% LSD values for forms x sowing dates= 10.7 and 11.3 for Narembeen and 
Badgingarra sewings, respectively. 
Table 1.5.2. Distribution of emergence from combined sewings. Values given 
are percentages of total emergence. 
a) Narembeen 
Form 
Census date Narrow-leafed Broad-leafed 
6/6/85 38.2 33.9 
20/6/85 60.5 63.7 
3/7/85 0.8 1.4 
17/7/85 0.1 0.7 
31/7/85 0.3 0.4 
28/8/85 0.1 
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b) Badgingarra 
Census date 
17/4/85 
15/5/85 
7/6/85 
21/6/85 
5/7/85 
18/7/85 
2/8/85 
Narrow-leafed 
20.6 
24.9 
43.9 
7.6 
1.3 
1.2 
o.s 
Form 
Broad-leafed 
3.3 
20.2 
60.1 
12.1 
2.1 
2.1 
0.1 
Emergence was observed earlier at Badgingarra than at Narembeen, due 
to the timing of rainfall in relation to the sowing dates. However, 
at both sites peak emergence occurred during June (Table 1.5.2). 
Emergence was virtually complete by the end of June. 
Table 1.5.3. Survival of narrow-leafed skeleton weed seedlings at Narembeen. 
Cohorts represent new emergents from combined sewings. Values 
given are percentages. 
Cohort no./size 
Census date 1/553 2/876 3/12 4/2 5/4 6/1 
6/ 6/85 100 
19/ 6/85 82.1 100 
3/ 7/85 77.9 89.7 100 
17/ 7/85 77.8 87.0 100 100 
31/ 7/85 77. 6 86.9 100 50.0 100 
28/ 8/85 77.6 86.9 100 so.a 100 100 
25/ 9/85 77.4 84.7 91.7 50.0 50 0 
9/10/85 75.8 80.4 66.7 50.0 25 
23/10/85 75.2 76.6 58.3 50.0 25 
6/11/85 38.2 29.9 16.7 0 25 
20/11/85 6.9 5.9 0 0 0 
4/12/85 1. 4 0.7 
18/12/85 0.9 0.2 
30/12/85 0.7 0.2 
15/ 1/86 o.s 0 
29/ 1/86 0 
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e 
-Table 1.5.4. Survival of broad-leafed skeleton weed seedlings at Narembeen. 
Cohorts represent new emergents from combined sowings. Values 
given are percentages. 
Cohort no./size 
Census date 1/342 2/643 3/14 4/7 5/4 
6/ 6/85 100 
19/ 6/85 94.2 100 
3/ 7/85 63.2 86.3 100 
17/ 7/85 63.2 84.6 92.8 100 
31/ 7/85 63.2 84.4 92.8 57.1 100 
28/ 8/85 62.9 84.l 85.7 57.1 100 
25/ 9/85 62.9 84.0 78.6 42.8 100 
9/10/85 60.8 82.0 71.4 28.6 75.0 
23/10/85 59.6 80.6 71.4 14.3 so.a 
6/11/85 38.3 48.8 21.4 14.3 0 
20/11/85 13.7 8.6 0 0 
4/12/85 6.7 3.4 
18/12/85 2.3 1.1 
30/12/85 0.9 o.s 
15/ 1/86 0.3 0.2 
29/ 1/86 0.3 0 
Initial levels of survival were very high for both forms at Narembeen 
(Tables 1.5.3 and 1.5.4). Subsequently, mortality rates increased 
markedly from the beginning of November onward, with almost every 
plant dead by the end of December. Cohorts which emerged after June 
were the first to disappear. It must be recognized that these 
results were ·obtained from an unusually dry winter, during which this 
area was declared to be drought-affected, however. 
-13-
Table 1. 5. 5. Survival of narrow-leafed skeleton weed seedlings at 
Badgingarra. Cohorts represent new emergents from combined 
sowings. Values given are percentages. 
Cohort no./size 
Census date 1/265 2/320 3/564 4/97 5/17 6/15 7/6 
17/ 4/85 100 
15/ 5/85 13.1 100 
29/ 5/85 0 22.2 
7/ 6/85 20.3 100 
21/ 6/85 18.8 59.9 100 
5/ 7/85 18.8 56.6 81.4 100 
18/ 7/85 18.8 55.3 80.4 88.2 100 
2/ 8/85 18.8 55.3 80.4 88.2 100 100 
30/ 8/85 18.8 55.3 80.4 88.2 100 100 
26/ 9/85 18.8 55.1 80.4 88.2 93.3 100 
10/10/85 18.8 55.1 79.4 88.2 93.3 100 
24/10/85 18.8 55.1 79.4 88.2 86.7 100 
7/11/85 18.8 55.0 77.3 88.2 80.0 83.3 tP 21/11/85 18.4 52.5 75.2 76.5 73.3 50.0 
5/12/85 18.1 44.5 64.9 58.8 40.0 33.3 
19/12/85 13.4 18.l 25.8 0 20.0 16.7 
7/ 1/86 13.1 12.4 17.5 20.0 16.7 
31/ 1/86 9.7 5.7 8.2 13.3 16.7 
Table 1. 5. 6. Survival of broad-leafed skeleton weed seedlings at Badgingarra. 
Cohorts represent new emergents from combined sowings. Values 
given are percentages. 
Cohort no./size 
Census date 1/32 2/195 3/579 4/117 5/20 6/20 7/1 
17/ 4/85 100 
15/ 5/85 5.3 100 
29/ 5/85 0 16.9 ~ 7/ 6/85 15.9 100 
21/ 6/85 13.3 70.l 100 
).. 
5/ 7/85 13.3 65.8 90.6 100 
l.S/ 7/85 12.8 64.9 86.3 70.0 100 
2/ 8/85 12.8 64.9 86.3 70.0 75.0 100 
30/ 8/85 12.8 64.9 86.3 70.0 75.;0 100 
26/ 9/85 12.8 64.8 86.3 70.0 70.0 100 
10/10/85 12.8 64.6 85.5 70.0 65.0 100 
24/10/85 12.8 64.4 84.6 70.0 65.0 100 
7/11/85 12.8 63.9 84.6 70.0 55.0 100 
21/11/85 12.8 61.8 83.8 70.0 55.0 100 
5/12/85 12.8 58.2 76.1 65.0 45.0 100 
19/12/85 10.8 31.8 39.3 35.0 25.0 0 
7/ 1/86 10.2 25.9 32.5 35.0 20.0 
31/ 1/86 8.2 19.7 21.4 30.0 15.0 
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Survival rates of seedlings at Badgingarra were much higher than for 
those at Narembeen, and were highest for seedlings of the 
broad-leafed form (Tables 1.5.5 and 1.5.6). For both forms, the 
majority of plants which were alive at the last census had emerged 
during the period from mid-May to the end of June. The first cohorts 
of both narrow-leafed and broad-leafed forms suffered total mortality 
due to dry conditions immediately following germination ('false 
break') (Tables 1.5.5 and 1.5.6), although more than 8 times as many 
seedlings had emerged from the narrow-leafed as compared to the 
broad- leafed sowing. By the time of the last census, 10 plants of 
the broad-leafed form and 1 of the narrow-leafed form had begun to 
flower. Of the former, 8 had emerged on 7/6/85 and 2 on 15/5/85. 
The single flowering plant from the narrow-leafed form emerged on 
15/5/85. 
Comments 
These results indicate that seasons with late, well-defined breaks 
are likely to favour the establishment of skeleton weed. It is 
difficult to extrapolate from the data obtained over a single season, 
but it would appear that in order to become established, plants must 
emerge over a period of from 6-8 weeks during May and June. A spread 
of germination times was noted from seed populations with very low 
levels of intrinsic dormancy. The data point to two major periods of 
mortality - one immediately following germination and the other 
during late spring/early summer. 
The 1985 winter was drier than normal at both sites, but particularly 
so at Narembeen. Higher levels of recruitment can probably be 
expected in wetter years. To offset this, because quadrats were 
weeded regularly, initial survival estimates may be unrealistically 
high due to the absence of interspecific competitive effects. 
Further work is planned to investigate both factors. 
2. Demographic aspects of wild radish populations in lupin crops 
Objectives 
To determine patterns of emergence, seedling survival and reproduction of 
wild radish in dry- and wet-sown lupin crops in relation to cultivation 
and herbicide treatments. 
Experimental 
Emergence and seedling survival in 40 x 40 cm permanent quadrats were 
followed at fortnightly intervals from the establishment of dry- and 
wet-sown lupin crols (cv. Yandee) at Meckering. The crops were sown 
rate of 100 kg ha- , following superphosphate topdressing at 150 kg 
ha-1. Quadrats within sprayed plots were treated with simazine at a 
rate of 0.75 kg a.i. ha-1 prior to sowing. 
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at a 
Results 
Table 2.1. 
Sowing date 
20 May, 1985 
1 July, 1985 
Distribution of emergence between the first two cohorts of wild 
radish in a dry-sown (sown 20 May, 1985) and wet-sown (sown 
1 July, 1985) lupin crop. 
Percentage of 
Treatment Total no. total emergence 
of cohorts Cohort 1 Cohort 2 Cohorts 1-2 
unsown unsprayed 8 68.4 9.3 77. 7 
sown unsprayed 5 94.6 1.5 96.1 
unsown sprayed 8 80.8 4.7 85.5 
sown sprayed 8 74.3 6.3 80.6 
mean 7.2 79.5 5.6 85.1 
unsown unsprayed 5 58.3 30.4 88.7 
sown unsprayed 5 75.1 22.1 97.2 
unsown sprayed 6 66.9 22.6 89.5 
sown sprayed 6 55.2 29.5 84.7 
mean 5.5 63.9 26.2 90.0 
Although there was evidence of staggered germination, giving rise to new 
plants for up to 12 weeks after sowing of the crop in some instances, new 
plants marked at the first two census dates corresponded to an average of 
85 and 90% of total emergence over all treatments in the dry- and wet-sown 
treatments, respectively (Table 2.1). Emergence of wild radish seedlings 
was slightly more protracted when the lupin crop was sown dry rather than 
wet. 
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Table 2.2. Survival of wild radish seedlings in relation to planting and 
herbicide treatments in a dry-sown lupin crop established on 
20 May, 1985. Values given are percentages. 
a) Un sown unsprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/348 2/46 3/40 4/25 5/21 6/4 7/6 8/4 
10/ 6/85 100 
24/ 6/85 84.0 100 
10/ 7/85 77 .8 88.3 100 
24/ 7/85 75.7 71.3 82.2 100 
7/ 8/85 72. 7 70.4 70.0 98.0 100 
21/ 8/85 68.4 75.4 60.6 57.3 60.1 100 
4/ 9/85 66.6 52.1 45.6 46.7 10.7 50.0 100 
18/ 9/85 63.6 43.8 13.9 24.0 o.o o.o 33.4 
2/10/85 61.0 33.8 5.6 4.0 16.5 100 
16/10/85 47.6 22.0 2.2 2.5 o.o 33.0 
30/10/85 38.9 18.6 1.1 2.5 o.o 
15/11/85 18.0 15.1 1.1 o.o 
29/11/85 10.7 o.o o.o 
13/12/85 o.o 
b) Sown unsprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/269 2/5 3/9 4/5 5/1 
10/ 6/85 100 
24/ 6/85 85.4 100 
10/ 7/85 78.5 100 100 
24/ 7/85 76.7 100 100 100 
7/ 8/85 76.5 100 100 100 100 
21/ 8/85 76.1 100 72.2 75.0 o.o 
4/ 9/85 74.2 100 38.9 25.0 
18/ 9/85 66.7 100 16.7 o.o 
2/10/85 61. 0 50.0 o.o 
16/10/85 45. 4 16.7 
30/10/85 39.7 16.7 
15/11/85 24.0 o.o 
29/11/85 10.9 
13/12/85 0.4 
24/12/85 o.o 
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c) Unsown sprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/318 2/20 3/22 4/9 5/21 6/1 7/4 8/5 
10/ 6/85 100 
24/ 6/85 55.9 100 
10/ 7/85 53.6 70.0 100 
24/ 7/85 50.9 62.5 51.9 100 
7/ 8/85 49.5 62.5 45.2 75.0 100 
21/ 8/85 48.3 57.5 21.5 8.3 63.6 100 
4/ 9/85 46.l 55.0 7.4 o.o 22.1 o.o 100 
18/ 9/85 40.5 55.0 7.4 2.3 66.7 
2/10/85 30.9 30.0 7.4 o.o 66.7 100 
16/10/85 22.7 5.0 3.7 33.3 50.0 
30/10/85 18.8 5.0 3.7 33.3 o.o 
15/11/85 11. 7 2.5 o.o o.o 
29/11/85 5.3 o.o 
13/12/85 o.o 
d) Sown sprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/285 2/30 3/24 4/17 5/20 6/1 7/9 8/1 
10/ 6/85 100 
24/ 6/85 40.4 100 
10/ 7/85 3LO 51.8 100 
24/ 7/85 30.4 45.5 74.1 100 
7/ 8/85 30.l 45.5 59.5 73.1 100 
21/ 8/85 25.0 45.5 32.9 41. 7 56.6 100 
4/ 9/85 22.2 43.4 30.0 41. 7 22.7 o.o 100 
18/ 9/85 17.6 20.2 o.o o.o o.o o.o 
2/10/85 15.6 14.0 100 
16/10/85 13.1 14.0 o.o 
30/10/85 11.9 11.9 
15/11/85 6.3 5.6 
29/11/85 2.2 2.1 
13/12/85 0.4 o.o 
24/12/85 o.o 
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Table 2.3. Survival of wild radish seedlings in relation to planting and 
herbicide treatments in a wet-sown lupin crop established on 
1 July, 1985. Values given are percentages. 
a) Unsown unsprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/75 2/29 3/6 4/5 5/1 
24/ 7/85 100 
7/ 8/85 72.8 100 
21/ 8/85 54.9 48.4 100 
4/ 9/85 46.2 43.4 16.7 100 
18/ 9/85 44.3 17.9 o.o 83.3 100 
2/10/85 44.3 16.1 83.3 o.o 
16/10/85 42.4 13.6 16.7 
30/10/85 37.8 11.8 16.7 
15/11/85 33.1 7.5 o.o 
29/11/85 30.3 7.5 
13/12/85 28.4 
24/12/85 22.4 
b) Sown unsprayed. -
Cohort no./Initial density (no. m-2) 
Census date 1/337 2/112 3/10 4/5 5/1 
24/ 7/85 100 
7/ 8/85 99.0 100 
21/ 8/85 96.6 94.4 100 
4/ 9/85 93.3 89.6 100 100 
18/ 9/85 90.3 72.9 91.7 50.0 100 
2/10/85 90.3 70.4 91. 7 50.0 100 
16/10/85 86.8 58.2 58.3 50.0 100 
30/10/85 76.7 39.0 25.0 50.0 o.o 
15/11/85 59.5 10.4 o.o o.o 
29/11/85 41.4 5.8 
13/12/85 15.4 0.2 
24/12/85 0.66 0.2 
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c) Unsown sprayed. 
Cohort no./Initial density (no. m-2) 
Census date 1/249 2/96 3/12 4/26 S/4 6/7 
24/ 7/8S 100 
7/ 8/8S 44.4 100 
21/ 8/8S 13.8 21.3 100 
4/ 9/8S 11.0 12.6 21. 7 100 
18/ 9/8S .8. 6 8.3 o.o 33.9 100 
2/10/8S 8.6 8.3 29.8 100 100 
16/10/8S 7.8 8.3 24.6 o.o 25.0 
30/10/8S 7.8 o.o 2.8 o.o 
1S/ll/8S 7.8 o.o 
29/ll/8S 7.0 
13/12/8S 7.0 
24/12/8S 3.4 
d) Sown sprayed. 
Cohort no./Initial density (no. m-2) 
Census date l/22S 2/109 3/24 4/2S S/2 6/S 
24/ 7/8S 100 
7/ 8/8S 60.9 100 
21/ 8/8S 13.0 42.0 100 
4/ 9/8S 7.0 16.2 27.8 100 
18/ 9/8S 3.3 12.2 6.2 2S.O 100 
2/10/8S 3.3 12.2 6.2 2S.O 100 100 
16/10/8S 3.3 10.S o.o 8.3 100 o.o 
30/10/8S 3.0 10.S o.o so.a 
1S/11/8S 3.0 3.8 so.a 
29/ll/8S 2.6 2.9 o.o 
13/12/8S 2.6 1.1 
24/12/8S 1.6 1.1 
For seedlings in the first cohort, which comprised the major portion of 
total emergence in all cases (Table 2.1), initial survival was much higher 
in sprayed plots when the crop was sown dry rather than wet (Tables 2.2 
and 2.3). This indicates that the effectiveness of Simazine is reduced 
when the soil remains relatively dry following application. 
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Table 2.4. Transition probabilities for wild radish seedlings in a dry-sown 
lupin crop. 
Date of Re pro-
Cohort no. first census Treatment Flowering Fruiting duct ion 
1 10 June 1985 unsown unsprayed 0.303 0.748 0.234 
sown unsprayed 0.272 0.697 0.188 
unsown sprayed 0.142 0.784 0.107 
sown sprayed 0.091 o. 728 0.065 
2 24 June 1985 unsown unsprayed 0.035 0.250 0.009 
sown unsprayed 0 0 
unsown sprayed 0.025 0 0 
sown sprayed 0.119 0.330 0.021 
3 10 July 1985 unsown unsprayed 0.011 0 0 
sown unsprayed 0 0 
unsown sprayed 0.037 0 0 
sown sprayed 0 0 
Table 2. 5. Transition probabilities for wild radish seedlings in a wet-sown 
lupin crop. 
~· 
Date of Re pro-
Cohort no. first census Treatment Flowering Fruiting duct ion 
1 24 July 1985 unsown unsprayed 0.243 1.00 0.243 
sown unsprayed 0.565 0.792 0.442 
unsown sprayed 0.014 0.300 0.009 
sown sprayed 0.030 0.575 0.020 
2 7 August 1985 unsown unsprayed 0.05 1.00 0.050 
sown unsprayed 0.102 0.167 0.022 
unsown sprayed 0 0 
sown sprayed 0.096 0.5 0.077 
In both dry- and wet-sown lupin crops, the probability of a wild radish 
plant surviving long enough to reproduce was very low if the plant emerged 
more than a month after crop establishment (Tables 2.4 and 2.5). In fact, 
no plants belonging to the third or later cohorts survived long enough to 
produce seeds. In most cases there was a high probability of fruiting if 
plants survived until flowering. 
As could be expected, plants in unsprayed treatments .had higher 
probabilities of reproducing than did those in sprayed treatments for both 
times of crop establishment (Tables 2.4 and 2.5). For the first cohorts, 
the highest probability of reproducing (44%) was obtained by plants in the 
sown, unsprayed treatment in the wet-sown crop. Otherwise, probabilities 
-21-
varied between 18 and 24% for plants in unsprayed treatments. For sprayed 
treatments, probabilities of reproduction were approximately 11 and 1% in 
unsown plots of the dry- and wet-sown crops, respectively, and 6 and 2% in 
sown plots of the same crops (Tables 2.4 and 2.5). 
Comments 
This experiment represents one of the few attempts which have been made to 
follow the fates of weed seedlings which emerge at different times in 
crops, and to determine how such fates are affected by the presence of the 
crop and by herbicide application. The results indicate that emergence 
was fairly synchronous, especially for wild radish populations in the 
dry-sown crop, and that the vast majority of plants which survived long 
enough to reproduce emerged within a month of crop establishment. This 
would tend to diminish the significance of continuous germination of wild 
radish in cropping systems, particularly when at the rate of application 
of Simazine (0.75 kg a.i. ha-1) employed in the trial, residual levels 
should be high enough to control seedlings over this period. However, it 
must be remembered that the 1985 season was a particularly dry one, and in 
wetter years one might expect both higher levels of emergence subsequent 
to crop establishment, and possibly enhanced survival of the later 
emergents. (Higher herbicide effectiveness in moist soil should 
compensate for these responses, to a certain extent.) In addition, 
competitive effects of wild radish seedlings may be important, even if the 
plants fail to survive to the reproductive stage. 
3. Identification of populations of mesquite from the West Pilbara region 
Objectives 
To establish the identities of two Western Australian populations of 
mesquite (Prosopis), by comparison with taxa of known identities, using 
the technique of starch gel electrophoresis. This information will be: 
required slibuld biological control of mesquite be attempted. 
Experimental 
Mature pods were collected from Mardie and Minderoo Stations in the West 
Pilbara. In addition, collections were made of six Prosopis species from 
Hawaii, south-western U.S.A., Mexico and Argentina (Table 3.1). Day-old 
seedlings were ground up in a suitable extraction buffer and the extracted 
enzymes were separated with the use of starch gel electrophoresis. In 
total, assays were made of 9 enzymes, run on one of four buffer systems 
(Table 3.2). 
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Results 
Table 3.1. Details of Prosopis collections used. 
Collection Abbreviation Source 
P. velutina Pvel Arizona, U.S •. !\. 
P. flexuosa Pfle San Juan, Argentina 
"P. pallida Ppal Hawaii, U.S.A. 
P. juliflora Pjul Acapulco, Mexico 
P. glandulosa 
var. glandulosa Pgla/gla Texas, U.S.A. 
P. glandulosa 
var. torre:::i:ana Pg la/tor California, U.S.A. 
Mardie Mar West Pilbara, Western Australia 
Minderoo Min West Pilbara, Western Australia 
Tables 3.2. Enzymes and buffer systems employed in the comparative study of 
Prosopis spp. 
Enzyme 
Alcohol dehydrogenase 
Phosphogluconate dehydrogenase 
Isocitrate dehydrogenase 
Leucine aminopeptidase 
Shikimate dehydrogenase 
Phosphoglucomutase 
Esterase 
Malate dehydrogenase 
Aspartate aminotransferase 
Abbreviation 
ADH 
PGD 
IDH 
LAP 
SDH 
PGM 
EST 
MDH 
AAT 
Table 3.3. Numbers of phenotypes found for each enzyme 
collections. 
Enzyme 
Population ADH PGD IDH LAP SDH PGM 
Pvel 2 2 6 2 3 3 
Pfle 6 3 2 3 5 7 
Ppal 1 1 1 1 3 1 
Pjul 1 1 1 1 2 2 
Pgla/gla 2 1 5 4 6 6 
Pg la/tor 3 7 4 2 2 6 
Mar 3 4 3 2 2 6 
Min 3 7 2 4 2 3 
Total 10 14 10 8 13 33 
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Buffer system 
Histidine 
Tris/maleic acid 
Morpholine citrate 
Tris/maleic acid 
Histidine 
Lithium borate 
Histidine 
Morpholine citrate 
Lithium borate 
in each of the 
EST MDH AAT 
7 6 7. 
9 4 7 
2 2 1 
2 1 1 
2 2 6 
9 5 5 
8 7 6 
4 4 6 
43 27 33 
ri,6~ 
Considerable differences were observed both in the numbers of phenotypes 
exhibited by each enzyme and with respect to the total variation exhibited 
by the populations (Table 3.3). The low overall variation shown by 
collections of f · pallida and f · juliflora appears to be due to the fact 
that these collections were obtained from single plants. The enzymes 
showing the most complex patterns of variation were PGM, EST, MDH and AAT, 
for which 33, 43, 27 and 33 different phenotypes, respectively, were 
recorded from a relatively limited sample (20 plants or fewer) from ~ach 
population. 
The following table gives measures of similarity between the Mardie and 
Minderoo populations and populations of known identity for each enzyme. 
The similarity measure (S) is calculated as: 
s .. = 
l. J 
where 
c .. 
l.J x 100 
n .. 
l.J 
sij 
C·. l.J 
nij 
= 
= 
= 
percentage similarity between populations i and j 
number of phenotypes shared by populations i and j 
total number of phenotypes found in populations i and j 
for the enzyme under consideration. 
Table 3.4. Similarity measures (%) for Prosopis populations. 
a) Alcohol dehydrogenase (ADH). · 
Population 
Pvel Pf le Ppal Pjul Pgla/gla 
Mar 
Min 
b) 
Mar 
Min 
25.0 
25.0 
12.5 
12.5 
33.3 
33.3 
Phosphogluconate dehydrogenase 
Pvel Pf le Ppal 
20.0 o.o 25.0 
11.1 o.o 14.3 
c) Isocitrate dehydrogenase (IDH). 
(PGD). 
o.o 
o.o 
Population 
Pjul 
o.o 
14.3 
Population 
25.0 
25.0 
Pgla/gla 
25.0 
14.3 
Pvel Pf le Ppal Pjul Pgla/gla 
Mar 
Min 
28.5 
33.3 
66.7 
100 
33.3 
50.0 
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o.o 
o.o 
14.3 
16.7 
Pg la/tor 
20.0 
20.0 
Pg la/tor 
10.0 
8.3 
Pg la/tor 
40.0 
so.a 
Mar 
100 
100 
Mar 
100 
57.1 
Mar 
100 
66.7 
d) Leucine aminopeptidase (LAP) • 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar 33.3 25.0 50.0 o.o 20.0 33.3 100 
Min 50.0 40.0 25.0 o.o 14.3 50.0 20.0 
e) Shikimate dehydrogenase (SDH) • 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar 25.0 16.7 66.7 100 o.o o.o 100 
Min 25.0 40.0 25.0 33.3 o.o o.o 33.3 
f) Phosphoglucornutase (PGM). 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar o.o o.o o.o o.o o.o o.o 100 
Min o.o o.o 33.3 o.o o.o o.o o.o 
g) Esterase (EST). 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar o.o o.o o.o o.o o.o o.o 100 
Min o.o o.o 40.0 o.o o.o o.o o.o 
h) Malate dehydrogenase (MOH). 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar 8.3 o.o o.o o.o o.o o.o 100 
Min o.o o.o 20.0 o.o o.o o.o o.o 
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i) Aspartate aminotransferase (AAT). 
Population 
Pvel Pfle Ppal Pjul Pgla/gla Pg la/tor Mar 
Mar o.o o.o o.o o.o o.o o.o 100 
Min o.o o.o 16.7 o.o 20.0 o.o 9.1 
For three of the enzymes under investigation (ADH, PGD and !DH), there was 
a high degree of similarity between the Mardie and Minderoo populations 
(Tables 3.4 and 3.5). In fact, for two enzymes (ADH and PGD) the 
similarity between Mardie and Minderoo exceeded that found between either 
of the Western Australian populations and any of the defined taxa. 
For the four most variable enzymes (PGM, EST, MDH and AAT), resemblance 
between any of the groups was either absent or very low (Table 3.4). For 
all of these enzymes, the Minderoo population showed similarity with R.· 
pallida, although in the case of AAT, its similarity with R_. glandulosa 
var. glandulosa was slightly higher. 
Table 3.5. Summary of groups showing the highest similarity measures with 
Mardie and Minderoo Prosopis populations. 
Enzyme 
ADH 
PGD 
!DH 
LAP 
SDH 
PGM 
EST 
MOH 
AAT 
Comments 
Most similar populations 
Mardie Minderoo 
Minderoo Mardie 
Minderoo Mardie 
Minderoo/E• flexuosa P. flexuosa 
R· Eallida P. velutina/E_. 9landulosa 
var. torreyana 
P. juliflora P. flexuosa 
P. :eallida 
P. :eallida 
P. velutina P. :eallida 
Minderoo P. 9landulosa var. 
glandulosa/E· :eallida 
At this point, no clear conclusions can be drawn with regard to the 
taxonomic affinities of the Mardie and Minderoo populations. What trends 
that do appear indicate relationships between Minderoo and ..!'.· :eallida as 
well as direct relationships between the Mardie and Minderoo populations. 
It should be noted that all of the defined taxa, as well as the Western 
Australian populations, fall within the same section (Algaroba) of the 
genus Proso:eis, so that similarities noted between any of the groups would 
not be ·surprising, given their overall relationship. 
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The method of analysis employed is a relatively crude one which is not 
capable of detecting either degrees of similarity between certain 
phenotypes, or ditferences in abundance of particular phenotypes in 
various populations. More consistent patterns of relationship may be 
detectable when a more sophisticated method of analysis is employed. 
ID NO. 3192G 
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